WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 
A61K 9/107, 47/10 



Al 



(11) International Publication Number: WO 94/08564 

(43) International Publication Date: 28 April 1994 (28.04.94) 



(21) International Application Number: PCT/CA93/00425 

(22) International Filing Date: 8 October 1993 (08.10.93) 



(30) Priority data: 

07/957,998 



8 October 1992(08.10.92) US 



(71X72) Applicants and Inventors: ALAKHOV, Valery, Yu [RU/ 
CA]; 20726 Gay Cedars, Baie d'Urfe, Quebec H9X 2T4 
(CA). KABANOV, Alexander, V. [RU/CA]; 920 Place 
Sims, #58, Dorval, Quebec H9S 2A1 (CA). SVESHNI- 
KOV, Peter G. [RU/RU]; Teply Stan str., 2-6, Moscow, 
1 17133 (RU). SEVERIN, Eugenii S. [RU/RU]; Novoslo- 
bodskaya str., 57/65-65, Moscow, 103055 (RU). 



(74) Agent: BLAKE, CASSELS & GRAYDON; P.O. Box 25, 
Commerce Court West, Suite 2800, Toronto, Ontario 
M5L 1A9 (CA). 



(81) Designated States: AU, BB, BG, BR, BY, CA, CZ, FI, HU, 
JP, KP, KR, KZ, LK, LV, MG, MN, MW, NO, NZ, PL, 
RO, RU, SD, SK, UA, UZ, VN, European patent (AT, 
BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: COMPOSITION OF ANTINEOPLASTIC AGENTS INCORPORATED IN MICELLES 
(57) Abstract 

Compositions of antineoplastic agents incorporate the agent in micelles of at least one block copolymer of poly(oxyethy- 
lene)-poly(oxypropylene) in which the ratio of (oxypropylene) blocks to the (oxyethylene) blocks is from about 0.25 to about 1.5 
and the micelles have an average diameter of from about 10 to about 25 nm. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


FR 


France 


MR 


Mauritania 


AU 


Australia 


CA 


Gabon 


MW 


Malawi 


BB 


Barbados 


CB 


United Kingdom 


NE 


Niger 


BE 


Belgium 


CN 


Guinea 


NL 


Netherlands 


BP 


Burkina Faso 


GR 


Greece 


NO 


Norway 


BG 


Bulgaria 


HU 


Hungary 


NZ 


New Zealand 


BJ 


Benin 


IE 


Ireland 


PL 


Poland 


BR 


Brazil 


IT 


Italy 


PT 


Portugal 
Romania 


BY 


Belarus 


JP 


Japan 


RO 


CA 


Canada 


KP 


Democratic People's Republic 


RU 


Russian Federation 


CF 


Central African Republic 




of Korea 


SD 


Sudan 


CC 


Congo 


KR 


Republic of Korea 


SE 


Sweden 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


Cote d'l voire 


LI 


Liechtenstein 


SK 


Slovak Republic 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LU 


Luxembourg 


TD 


Chad 


cs 


Czechoslovakia 


LV 


Latvia 


TC 


Togo 


CZ 


Czech Republic 


MC 


Monaco 


UA 


Ukraine 


DE 


Germany 


MG 


Madagascar 


US 


United Slates of America 


DK 


Denmark 


ML 


Mali 


UZ 


Uzbekistan 


ES 


Spain 


MN 


Mongolia 


VN 


Viet Nam 


Fl 


Finland 









WO 94/08564 



PCI7CA93/00425 



COMPOSITION OF ANTINEOPLASTIC AGENTS INCORPORATED, IN MICELLES 

The present invention pertains to improvements in 
pharmaceutical compositions and in particular improvements 
in pharmaceutical compositions used in chemotherapy. 

5 A number of anti-neoplastic agents currently are in use 

in chemotherapy (see generally "Cutting's Handbook of Phar- 
macology, 7th Ed., Chapter 13 , Csaky and Barnes) and many 
additional agents are under investigation. 

Because of their often complex structure, these agents 
10 can exhibit low stability in the blood stream. Many are 
extremely insoluble and possess poor transport properties 
with respect to cell membranes. In addition, binding of the 
anti-neoplastic agent with plasma proteins, as well as other 
nonspecific interactions in the blood stream prior to its 
15 reaching its target, can greatly reduce the effective amount 
actually available to combat the neoplastic cells. More- 
over, multidrug resistance often is observed with such 
agents; i.e., the sensitivity of the neoplastic cells to the 
agent is observed to decrease, often by a factor of 10 3 , 
20 over the course of treatment and this resistance thereafter 
may manifest itself even with respect to structurally dif- 
ferent anti-neoplastic agents. 

In accordance with the present invention, the anti-neo- 
plastic agent of choice (which may include a mixture of sev- 
25 eral distinct anti-neoplastic agents) is incorporated into a 
micelle of a block copolymer of poly (oxy ethyl ene) - 
poly (oxypropylene) in an aqueous dispersion as hereinafter 
described. 

The use of the block copolymer micelle in administrat- 
3 0 ing the anti-neoplastic agent provides non-covalent solubi- 
lization which reduces water-instability and increases the 
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solubility of the anti-neoplastic agent. 

Moreover, while block copolymers of poly (oxyethylene) - 
poly (oxypropylene) have been used as nonionic surfactants, 
the effects observed here clearly extend beyond mere solubi- 
5 lization. For example, undesired pretarget protein binding 
of the anti-neoplastic agent is reduced; i.e., the anti-neo- 
plastic agent appears to be "shielded" from proteins which 
otherwise would bind to it. Increased sensitivity with 
respect to the target anti-neoplastic cells also is 

10 observed. Finally a reversion in multidrug resistance is 
observed. While the multidrug resistance (MDR) phenomenon 
is not fully understood, it is accompanied by an overex- 
pression of a transmembrane P-glycoprotein of M r about 170 
kD (P-170) which mediates the ATP-dependent efflux of numer- 

15 ous drugs from such cells (although drug efflux may involve 
other membrane components of MDR cells as well) . The pre- 
sent compositions appear to possess increased cytotoxic 
activity with respect to P-170 dependent and P-170 indepen- 
dent MDR cancer cells as compared with sensitive cells, 

20 thereby reducing the multidrug resistance effect. 

A variety of anti-neoplastic agents are suitable for 
use in the present composition. These include alkaloids 
such as vinblastine, colchicine, and demecoline; antibiotics 
such as those of the rhodomycin group as for example as 

25 daunorubicin and doxorubicin, those of the mitomycin group 
as for example mitomycin C and N-methyl mitomycin C, and 
those of the bleomycin group such as bleomycin A2 ; and 
antifolates such as methotrexate, aminopterin, and dideaza- 
tetrahydrofolic acid. It will be appreciated that this 

3 0 improvement extends to mixtures of several such agents. 

The present invention is not directed to the underlying 
anti-neoplastic activity of these agents but rather to an 
improvement in the manifestation of this activity through 
formulation. 
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The block copolymers of poly (oxyethylene) -poly- 
(oxypropylene) generally are characterized by the structural 
formula: 



HO— CH 2 CH 2 0- 



CH 3 
I 

-CHCH 2 0- 



-CH 2 CH 2 0— -H 



10 



15 



in which each of x and z, independently of the other, has a 
value of from about 5 to about 100 and y has a value of from 
about 20 to about 80. Such block copolymers are known {see 
Stanton, Am. Perfumer. Cosmet. 72(4), 54-58 (1958); 
Schmolka, hoc. cit. 82(7), 25-30 (1967); and Nonionic 
Surfactants, Schick, Ed., (Dekker, NY, 1967) 300-371}. A 
number of these copolymers are commercially available under 
the generic names of "poloxamers" and "pluronics" . 



20 The hydrophobic/hydrophilic properties of a given block 

copolymer depends upon the ratio of the number of oxypropy- 
lene groups to the number of oxyethylene groups. For a com- 
position containing a single block copolymer of 
poly (oxyethylene ) -poly (oxypropylene) , for example, this 

25 relationship, taking into account the molecular masses of 
the central hydrophobic block and the terminal hydrophilic 
blocks, can be expressed as follows: 



n = 



* 1.32 



30 x + z 

in which y is the number of oxypropylene units and x and z 
are number of oxyethylene units. 



Selecting a block copolymer with the appropriate n 
value depends upon the hydrophobic/hydrophilic properties of 
35 the specific anti-neoplastic agent, or the composite 
hydrophobic/hydrophilic properties of a mixture of anti-neo- 
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plastic agents, to be formulated. Typically n will range in 
value from about 0.25 to about 1.5. This range should be 
viewed not as numerically critical but as expressing the 
optimum hydrophobic-hydrophilic balance between the predomi- 
nantly hydrophilic poly (oxyethylene) blocks and the predomi- 
nantly hydrophobic poly (oxypropylene) blocks. 

An important aspect of the present invention involves 
utilizing mixture of different block copolymers of 
poly (oxyethylene) -poly (oxypropylene) to achieve a more spe- 
cific hydrophobic-hydrophilic balance suitable for a given 
anti-neoplastic agent or mixture of several anti-neoplastic 
agents, preserving the optimal size of particles. For exam- 
ple, a first block copolymer may have an n of 1.00 whereas a 
second may have a value of 1.5. If material having an n of 
1.3 is desired, a mixture of one weight portion of the first 
block copolymer and 1.5 weight portion of the second block 
copolymer can be employed. 

A more generalized relationship therefore for such mix- 
tures can be expressed as follows: 

„ n* a Y2*b 

w - — + . — * 132 

(*1 + + b) (x 2 + z 2 )*(a + b) 

in which: 



YX and y 2 are the number of oxypropylene units in 
the first and second block copolymers, respectively; 
X! and z ± are number of oxyethylene units in the 
first block copolymer; 

x 2 and z 2 are number of oxyethylene units in the 
second block copolymer; 

a is the weight proportion in the first block 
copolymer; and 

b is the weight proportion in the second block 
copolymer. 
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If only one block copolymer of poly (oxyethylene) - 
poly (oxypropylene) is utilized, N will equal n. An analo- 
gous relationship will apply to compositions employing more 
than two block copolymers of poly (oxyethylene) - 
5 poly (oxypropylene) • 

Using the above parameters, one or more block copoly- 
mers of poly (oxyethylene) -poly (oxypropylene) are combined so 
as to have a value for N of from about 0.25 to about 1.5. 
The combined copolymers form micelles, the value of N 

10 affecting in part the size of the micelles thus produced. 
Typically the micelles will have an average diameter of from 
about 10 to about 25 nm. , although this range can vary 
widely. The average diameter of any given preparation can 
be readily determined by quasielastic light scattering tech- 

15 niques. 

The anti-neoplastic compound or compounds in the 
copolymer micelle are administered parenterally in aqueous 
formulations, alone or in combination with other therapeutic 
agents including other anti-neoplastic agents, steroids, 

20 etc., to a mammal suffering from neoplasm and in need of 
treatment. Parenteral routes of administration include 
intramuscular, intrathecal, intraperitoneal, intravenous and 
intra-arterial . Isotonic micellar solution of one or more 
block copolymers of poly (oxyethylene) -poly (oxypropylene) 

25 incorporating one or more anti-neoplastic agents are used 
for parenteral administration. Dosages typically are those 
associated with the specific anti-neoplastic agent, although 
as in every case the regimen must be titrated to the partic- 
ular neoplasm, the condition of the patient, and the 

30 response. For example, an isotonic micellar solution of 
daunorubicin in the block copolymer micelles is administered 
so as to provide about 1 mg of daunorubicin per kg of body 
weight. Vinblastine on the other hand is administered in 
the same fashion but in accordance with conventional usage 

3 5 at lower doses of from about 0.1 to about 0.2 mg/kg. Often 
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The following examples will serve to further typify the 
nature of the invention but should not be construed as a 
limitation on the scope thereof which is defined solely by 
5 the appended claims. 

Example 1 

A. A block copolymer of poly (oxyethylene) -poly (oxy- 
propylene) in which N = 0.25 (Pluronic F-68) is diluted with 
RPMI 1640 medium to a final concentration of 2.0% at 4°C. 
10 The mixture is incubated for 30 minutes at 37 °C and then 
sterilely filtered through a 0.22 pin filter. An equal vol- 
ume of a solution of 200 /xg daunorubicin in RPMI 164 0 medium 
is added and this mixture is incubated for 3 0 minutes at 
37°C. 

15 B. Human ovarian carcinoma cells (CRL157) are precul- 

tured in 1% solution of the same block copolymer but without 
daunorubicin in RPMI 1640 medium supplemented with 10% calf 
fetal serum. The preparation of part A is added and the 
mixture is incubated for 60 minutes at 37 °C and the cells 

20 then washed three times with RPMI 164 0 and cultured in RPMI 
1640 supplemented with 10% calf fetal serum for 3 days 
{Prep. A}. Cytotoxicity is measured, both for this prepa- 
ration and a parallel preparation of free daunorubicin 
{Prep. B}, using the method of Alley et al. , Cancer Res., 

25 48, 589-601 (1988). The results are as follows: 
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cone. (ng/mL) 


50000 


10000 


2000 


400 


80 


16 


% Inhibition 






Prep . A 


100 


100 


92 


24 


6 


2 


Prep . B 


100 


81 


53 


38 


20 


1 



10 

Following the same procedure , cytotoxicity is deter 
mined against human T-lymphoma (Jurkat) cells: 



cone. (ng/mL) 


50000 


10000 


2000 


400 


80 


16 


3.2 






% Inhibition 


Prep. A 


100 


100 


100 


100 


92 


33 


3 


Prep . B 


100 


100 


100 


84 


51 


44 


22 



Following the same procedure , cytotoxicity is deter- 
mined against human small cell carcinoma of lung (H-69) : 



cone. (ng/mL) 


50000 


10000 


2000 


400 


80 


16 


3.2 


% Inhibition 






Prep . A 


100 


100 


100 


100 


100 


42 


12 


Prep. B 


100 


100 


100 


91 


69 


42 


20 



Example 2 

35 Block copolymers of poly (oxyethylene) -poly (oxypropyl- 

ene) having the ratios of poly (oxypropylene) to poly (oxy- 
ethylene) indicated below are dispersed in RPMI 1640 medium 
at the concentration indicated below* The mixtures are incu- 
bated for 40 minutes at 30 °C. The average micelle diameter 

40 is measured by quasielastic light scattering and the value 
of N calculated as previously indicated. The results are as 
follows: 
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5 



copolymer 


cone. 


Avg . Diameter 


N 


F-68 1 


1.0 % 


726.0 ran 


0.25 


P-85 2 


1.0 % 


18.0 ran 


1.00 


L-64 3 


1.0 % 


20.4 ran 


1.50 


1:1.5 P-85:L-64 


0.01 % 


17.0 ran 


1.30 


1:2.5 F-68:L-64 


1.0 % 


33.5 ran 


1.38 



Note 1: x = 80, y = 30, and z = 80 
15 Note 2: x = 75/2, y = 55, and z = 75/2 

Note 3: x = 27/2, y = 30, and z = 27/2 

Example 3 

A. A 1:1.5 mixture of block copolymers of 
20 poly (oxyethylene) -poly (oxypropylene) (Pluronics P-85 and L- 

64) having individual ratios (n) of (oxypropylene) to 
(oxyethylene) blocks of 1.00 and 1.50, respectively, and a 
combined value (N) of 1.30, is diluted with RPMI 1640 medium 
to a final concentration of 2.0% at 4°C. The mixture is 
25 incubated for 30 minutes at 37 °C and then sterilely filtered 
through a 0.22 jzm filter. An equal volume of a solution of 
200 nq daunorubicin in RPMI 164 0 medium is added and this 
mixture is incubated for 30 minutes at 37 °C. 

B. Cytotoxicity to human ovarian cancer cells (CRL157) 
30 is measured, both for this preparation {Prep. A} and a par- 
allel preparation of free daunorubicin {Prep. B) as 
described in Example IB. The results are as follows: 
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cone. 


(ng/mL) 


50000 


10000 


2000 


400 


80 


16 


3.2 


% Inhibition 




Prep. 


A 


100 


100 


100 


100 


94 


53 


8 1 


Prep. 


B 


100 


100 


81 


50 


29 


10 


2 1 



10 Example 4 

Daunorubicin in the composition of Example 3 is evalu- 
ated for cytotoxicity in (i) human T-lymphoma (Jurkat) cells 
as described in Example 1 and (ii) normal human mononuclear 
cells. The results are as follows: 



cone. (ng/mL) 


50000 


10000 


2000 


400 


80 


16 


3.2 



Cell % Inhibition 



Prep, A Jur. 100 100 100 100 100 74 28 

Prep. B Jur. 100 100 100 83 59 36 21 

Prep. A Norm. 100 100 91 60 21 5 2 

Prep. B Norm. 100 100 80 58 23 18 1 



Example 5 

IC 50 values for (i) human T-lymphoma (Jurkat) cells and 
30 (ii) normal human mononuclear cells are determined for the 
daunorubicin composition of Example 3 and compared to those 
for free daunorubicin. Measurements are made at the indi- 
cated intervals of the drug contact with the cells from 15 
minutes to 12 hours. The results are as follows: 



20 



25 
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10 



time 


(hours) 


0.25 


0.50 


0.75 


1.0 


2.0 


4.0 


8.0 


12 II 


Cell 


ic 50 (ng/mL) 




Prep. 


A 


Jur. 


150 


46 


25 


17 


9.0 


0.80 


0.50 


0.30 


Prep. 


B 


Jur. 


120 


68 


35 


25 


19 


16 


3.0 


5.2 


Prep. 


A 


Norm. 


3570 


950 


620 


450 


250 


220 


160 


140 


Prep. 


B 


Norm. 


4900 


980 


405 


310 


290 


275 


280 


240 



Example 6 



15 The antineoplastic agent vinblastine is incorporated 

into the block copolymer mixture described in Example 3. 
The IC50 of this preparation against SKVO3 cells, a drug- 
sensitive human ovarian carcinoma line, is determined to be 
0,121 /itg/mL; the IC 50 against SKVLB cells, an MDR subline 

20 expressing high levels of P-170 obtained through long term 
cultivation of SKVO3 in the presence of vinblastine, is 
0.0012 /xg/mL. The IC 50 of free vinblastine against SKVO3 
cells is determined to be 0.095 ixq/TaL; the IC 50 against 
SKVLB cells is 0.615 /zg/mL. 



25 Example 7 

The antineoplastic agent mitomycin C is incorporated 
into the block copolymer mixture described in Example 3 . 
The IC50 of this preparation against SKVO3 cells is deter- 
mined to be 0.265 /ig/mL; the IC 50 against SKVLB cells is 
30 0.005 /xg/mL. The IC 50 of free mitomycin against SKVO3 
cells is determined to be 0.32 0 /xg/mL; the IC50 against 
SKVLB cells is 1.120 jzg/mL. 
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Example 8 

The antineoplastic agent methotrexate is incorporated 
into the block copolymer mixture described in Example 3. 
The IC50 of this preparation against SKVO3 cells is deter- 
5 mined to be 0.880 jxg/mL; the IC50 against SKVLB cells is 
0.0175 jxg/mL. The IC50 of free methotrexate against SKVO3 
cells is determined to be 1.090 /ug/mL; the IC50 against 
SKVLB cells is 1.340 /xg/mL. 

Example 9 

10 The antineoplastic agent colchicine is incorporated 

into the block copolymer mixture described in Example 3. 
The IC50 of this preparation against SKVO3 cells is deter- 
mined to be 0.720 jxg/mL? the IC50 against SKVLB cells is 
0.045 /ig/mL. The IC50 of free colchicine against SKVO3 

15 cells is determined to be 0.950 /xg/mL; the IC50 against 
SKVLB cells is 7.450 /xg/mL. 

Example 10 

The antineoplastic agent daunorubicin is incorporated 
into the block copolymer mixture described in Example 3 . 
20 The IC50 of this preparation against SKVO3 cells is deter- 
mined to be 0.600 /ig/mL; the IC50 against SKVLB cells is 
0.0068 /xg/mL. The IC50 of free daunorubicin against SKVO3 
cells is determined to be 0.620 /xg/mL; the IC50 against 
SKVLB cells is 5.850 /ig/mL. 

25 Example 11 

To 30 /xL of a 20 mg/mL solution of bovine serum albumin 
in phosphate buffered saline are added 30 /xL of daunorubicin 
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solution in the block copolymer mixture described in Example 
3 {Prep. A). A second formulation {Prep. B} is prepared in 
parallel fashion using free daunorubicin. 

The preparations are incubated for 10 minutes at 25 °C, 
5 and then analyzed by HPLC on a TSK-3000 SW gel-filtration 
column in PBS containing 0.3 M sodium chloride and 5% 
acetonitrile. Detection is performed at 280 nm and 470 nm. 
The portion of the drug bound with BSA is determined as: 

10 in which: 

Sjb is relative area of the 470 nm peak 
(corresponding to daunorubicin) which coincides in 
retention time for the 280 nm peak (corresponding to 
BSA) ; and 

15 Sf is relative area of the peak (or peaks) 

corresponding to daunorubicin which does not coin- 
cide in retention time of the BSA peak. 

The results are as follows: 



25 



Composition 




Prep . A 


0.01 


Prep . B 


0.39 



Example 12 

Micellar daunorubicin obtained as described in Example 
3 {Prep. A} and free daunorubicin {Prep. B) are incubated in 
the dark at 37 °C and cytotoxicity to CRL157 cells in then 
30 determined in the manner discussed in Part B of Example 1. 
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The results are as follows: 



5 



10 



time (hours) 


2 


4 


12 


24 


48 


96 








ic 50 , 


/ig/mL 






Prep. A 


9.1 


10.05 


9.8 


10.4 


10.7 


11.3 


Prep . B 


400 


475 


1120 


6300 


10180 


48900 



Example 13 

The daunorubicin composition of Example 3 {Prep. A} is 
evaluated against daunorubicin-sensitive human breast cancer 
15 (MCF-7) and two cell lines demonstrating resistance: 
daunorubicin/verapamil-resistant (MCF-7AU) not expressing P- 
170, and daunorubicin-resistant , verapamil-sensit ive ( Dox- 
MCF-7), expressing P-170, in each case in comparison to free 
daunorubicin {Prep. B) . The results are as follows: 



20 



cone. (ng/mL) 


50000 


10000 


2000 


400 


80 


! 16 



Cell % inhibition 



25 




MCF-7 


100 


100 


84 


65 


42 


12 




Prep. A 


MCF-7AU 


100 


100 


100 


96 


69 


39 


30 




Dox-MCF-7 


100 


100 


100 


89 


73 


45 




MCF-7 


100 


100 


91 


69 


43 


15 




Prep . B 


MCF-7AU 


100 


89 


65 


37 


9 


3 


35 




Dox-MCF-7 


100 


86 


62 


39 


7 


2 



Free daunorubicin {Prep. B) exhibits higher IC 50 's (is 
less toxic) against both resistant lines. Daunorubicin 
40 incorporated in the block copolymers {Prep. A) exhibited 
lower IC 50 's (is more toxic) against both resistant lines. 
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Example 14 

Groups (6 animals/dose point) of C57B1/6 7 -week-old 
female mice are inoculated i.p. with free or micellar (N = 
1.3) daunorubicin obtained as described is Example 3 {Prep. 
5 B and Prep. A, respectively), and are observed for 14 days. 
Drug concentrations are adjusted so that a maximum volume of 

0. 5 mL is injected in each mouse. 

The MTD is defined as a dose which leads to no daunoru- 
bicin-deaths (any higher dose leads to the daunorubicin- 
10 related death of at least 1 animal per group) . The experi- 
ment is repeated twice. The results are reproducible with 
less that 10% variation. 

The MTD of free and micellar (N = 1.3) daunorubicin is 
determined to be 2.0 and 1.0 /xg/kg body weight, respec- 
15 tively. 

Example 15 

Daunorubicin possesses high specificity with respect to 
bone marrow, manifesting itself as reversible leukopenia, 

1. e., a decrease in the number of WBS (leukocyte count) dur- 
20 ing drug administration. Bone marrow suppression, as well 

as anticancer effects of daunorubicin, are conditioned by 
DNA-intercollating activity, whereas the most harmful side 
effect of anthracyclines, cardiotoxicity, results mainly 
from membrane interactions with metabolites (which have low 
25 anticancer activity and do not produce significant effects 
on bone marrow). Therefore, the leukocyte count during in 
vivo administration of MTD daunorubicin allows the assess- 
ment of the ratio between specific (DNA-intercollation) 
activity of the drug and non-specific toxicity. 

30 Groups (6 animals/ group) of C57B1/6 7 -week-old female 

mice are inoculated i.p. with free of micellar (N = 1.3) 
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daunorubicin obtained as described in Example 3 {Prep. B and 
Prep. A, respectively}. Drug concentrations (MTD) are 
adjusted so that a maximum volume of 0.5 mL is injected in 
each mouse. Blood samples are collected and viable leuko- 
5 cytes are counted as described in Michisch et al. , Proc. 
Natl. Acad. Sci. USA 88, 547-551 (1991). The number of WBC 
after administration of 0.1 mL PBS, 15-16 mln cells/mL, is 
used as the control. The experiment is repeated twice. The 
results are reproducible with less than 10% variation. 

10 The results obtained are as follows: 



Days 


0 


3 


7 


10 


14 


WBS, % of control 


Prep. A 


100 


20 


46.6 


86.6 


100 


Prep . B 


100 


40 


60 


93.8 


100 



20 Example 16 

The effects of free and micellar daunorubicin obtained 
as described in Example 3 {Prep. B and Prep. A, respec- 
tively) on leukocyte count are determined three days after 
administration as described in Example 15. 

25 The results obtained are as follows: 



Dose of daunorubicin 
% of MTD 


25 


50 


75 


100 


WBS, % of control 




Prep. A 


85 


73 


45 


21 


Prep . B 


78 


61 


36 


39 



The data shown in Examples 14 through 16 indicate that 
solubilization of daunorubicin in the block copolymer 
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micelles does not essentially affect the drug's overall tox- 
icity (MTD of 2 mg/kg and 1 mg/kg for free and xrticellar 
drug, respectively) , whereas an increase in reversible bone 
marrow suppression is observed which does not markedly 
5 influence the animal survivability. 

Example 17 

Anti-neoplastic activity is determined by evaluation of 
the cytotoxic activity of plasma of mammals inoculated with 
the test composition (see de Valeriola et al. , Cancer 
10 Chejnother. Pharmacol. 29, 133-140, 1991). 

Groups (6 animals/group) of C57B1/6 7-week-old female 
mice are inoculated i.v. (via the tail vein) with free or 
micellar (N = 1.3) daunorubicin obtained as described in 
Example 3 {Prep. B and Prep. A, respectively}. Drug concen- 
15 trations (MTD) are adjusted so that a maximum volume of 0.1 
mL is injected in each mouse. The experiment is repeated 
twice. The results are reproducible with less than 10 % 
variation. 

To obtain plasma samples, blood (10 /xl) is collected 
20 from the tail artery one hour after drug administration, 
diluted 1:10 with sterile RPMI 1640 medium, and centrifuged 
at 400 g for 15 minutes. The supernatants obtained are 
diluted as shown in the table with plasma analogously 
obtained from mice not inoculated with the drug (the plasma 
25 of mice not inoculated with the drug does not produce any 
significant cytotoxic effect on H-69 cells) and mixed with 
an equal volume of H-69 cell suspension on RPMI 1640 medium 
supplemented with 10% fetal calf serum. The cells are incu- 
bated for two hours at 37 °C and 5% C0 2 , and then washed 
30 three times with RPMI 1640. The pretreated cells are incu- 
bated in RPMI 1640 supplemented with 10% fetal calf serum at 
37 °C and 5% CO2 for three days, after which cytotoxicity is 
determined as described in Example 1. 
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The results obtained are as "follows: 



10 



Dilution of plasma 


1:20 


1:200 


1:2000 


1:20000 


Inhibition, % 


Prep. A 


100 


58 


8 


0 


Prep . B 


42 


5 


0 


0 i 



Thus cytotoxic titers, the dilution at which the plasma 
of mice inoculated with preparations B or A produced 50% 
inhibition of H-69 cell growth, of plasma of mice inoculated 
with preparations B and A with respect to H-69 cells are 
15 determined to be 1:228 and 1:48, respectively. 

Example 18 

The procedure of Example 16 is repeated utilizing SKVLB 
and SRVO3 cells. The results are as follows: 
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10 



15 



20 



25 



30 



Plasma Dilution 


1:20 


1:200 


1:2000 






Inhibition, 


% 


Prep. A 


SKVLB 


82 


61 


18 


Prep . B 


SKVLB 


0 


0 


0 


Prep . A 


SKV0 3 


11 


0 


0 


Prep . B 


SRVO3 


9 


0 


0 


10 mg/kg daunorubicin are introduced 




1 Plasma Dilution 


1:20 


1:200 


1:2000 1 
J 






Inhibition, 


% 


Prep . A 1 


SKVLB 


100 


94 


69 


Prep . B 


SKVLB 


8 


0 


0 


Prep . A 


SKVO3 


62 


31 


0 


Prep . B 


SRVO3 


22 


6 


0 



Example 19 

A composition suitable for parental administration is 
prepared by dissolving 4 00 mg of Pluronic P-85 and 600 mg of 
35 Pluronic L-64 in 50 mL of RPMI 1640 at 4°C. The mixture is 
incubated for 30 minutes at 37 °c and then sterilely filtered 
through a 0.22 /xrn filter. This is mixed with a solution of 
10 mg of sterile lyophilized daunorubicin powder dissolved 
in 50 mL of RPMI and incubated for 30 minutes at 37°C. 



40 The composition can be stored in the dark at room tem- 

perature for 7 days without any essential loss of activity 
or can be lyophilized and stored for at least 1 year in the 
dark at room temperature. 
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Example 20 

A further composition suitable for parental adminis- 
tration is prepared by dissolving 400 mg of Pluronic P-85 
and 600 mg of Pluronic L-64 in 50 mL of PBS at 4 C C. The 
5 mixture is incubated for 30 minutes at 37 °C and then ster- 
ilely filtered through a 0.22 jam filter. This is mixed with 
a solution of 1 mg of sterile lyophilized daunorubicin pow- 
der and 5 mg of glucose dissolved in 50 mL of PBS and the 
mixture is incubated for 30 minutes at 37*C. 

10 The composition can be stored in the dark at room tem- 

perature for 7 days without any essential loss of activity 
or can be lyophilized and stored for at least 1 year in the 
dark at room tempera ture. 



Example 21 

15 A further composition suitable for parental adminis- 

tration is prepared by dissolving 100 mg of sodium ascorbate 
in a 9% aqueous solution of sodium chloride. To one-half of 
this solution are added at 4°c 400 mg of Pluronic P-85 and 
600 mg of Pluronic L-64. The mixture is incubated for 30 

20 minutes at 37°C and then ster ilely filtered through a 0.22 
Aim filter. Separately 10 mg of sterile lyophilized daunoru- 
bicin powder and 50 mg of glucose are dissolved in the 
remaining sodium ascorbate-sodium chloride solution and the 
two solutions are mixed and incubated for 30 minutes at 

25 37°C. 

This composition can be stored for 30 days in the dark 
at room temperature without any essential loss of activity 
or can be lyophilized and stored for at least 1 year in the 
dark at room temperature. 
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What is claimed is: 



10 



1. In a pharmaceutical composition comprising an antineo- 
plastic agent, the improvement in which said agent is 
incorporated into micelles of at least one block copoly- 
mer of poly (oxyethylene) -poly (oxypropylene) in which the 
ratio of poly (oxypropylene) blocks to the poly- 
(oxyethylene) blocks is from about 0.25 to about 1.5 and 
the micelles have an average diameter of from about 10 to 
about 25 nm. 



2. A composition according to claim 1 wherein each block 
copolymer of poly (oxyethylene) -poly (oxypropylene) is 
independently represented by the formula: 



15 



20 



H0-— CH 2 CH 2 Q- 



r ch 3 
I 

CHCH 2 0- 



-CH 2 CH 2 0— -H 



in which each of x and z, independently of the other, has 
a value of from about 5 to about 100 and 
y has a value of from about 20 to about 80. 



25 3. A composition according to claim 1 in which the micelles 
are formed from a plurality of block copolymers of 
poly (oxyethylene) -poly (oxypropylene) having different 
hydrophobic/hydrophilic properties . 

4. A composition according to claim 3 in which the composite 
30 of the block copolymers satisfies the equation: 

yi*a y 2 *jb 

N = + * 1.32 

(*1 + «i)*(a + Jb ) (x 2 + z 2 )*(a + b ) 

in which: 
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yi and y 2 are the number of oxypropylene units in 
the first and second block copolymers, respectively; 
xi and zi are number of oxyethylene units in the 
first block copolymer; 
5 X2 and z 2 are number of oxyethylene units in the 

second block copolymer; 

a is the weight proportion of the first block 
copolymer; and 

b is the weight proportion of the second block 
10 copolymer 

such that the value of N is from about 0.25 to about 1.5. 

5. A composition according to claim 1 wherein the antineo- 
plastic agent is an alkaloid, antibiotic, or antifolate. 

15 6. A composition according to claim 5 in which the antineo- 
plastic agent is selected from the group consisting of 
vinblastine, colchicine, demecoline, daunorubicin, 
doxorubicin, mitomycin C, N-methyl mitomycin C, bleomycin 
A 2 , methotrexate, aminopterin, and dideazatetrahydrofolic 

20 acid. 

7. A composition according to claim 6 in which the antineo- 
plastic agent is daunorubicin. 

8. An aqueous dispersion of a quantity of a composition 
according to claim 1 at least sufficient to provide an 

25 effective dose of said anti-neoplastic agent upon par- 

enteral administration. 

9. In the method of combatting neoplasms through administra- 
tion of an anti-neoplastic agent, the improvement com- 
prising administering said anti-neoplastic agent incorpo- 

30 rated into micelles of at least one block copolymer of 

poly (oxyethylene) -poly (oxypropylene) in which the ratio 
of poly (oxypropylene) blocks to the poly (oxyethylene) 
blocks is from about 0.25 to about 1.5 and the micelles 
have an average diameter of from about 10 to about 25 nm. 
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